Objectives-To describe a large series of patients with vertebral osteomyelitis (VO), and to compare the clinical, biological, radiological, and prognostic features of pyogenic (PVO), tuberculous (TVO), and brucellar vertebral osteomyelitis (BVO). Methods-A retrospective multicentre study, which included 219 adult patients with VO with confirmed aetiology, who were diagnosed between 1983 and 1995 in two tertiary care centres. Of these patients, 105 (48%) had BVO, 72 (33%) PVO, and 42 (19%) TVO. Results-One hundred and forty eight (67.6%) patients were male and 71 (32.4%) female. The mean (SD) age was 50.4 (16.4) years (range 14-84) and the mean (SD) duration of symptoms before the diagnosis was 14 (16.8) weeks. In 127 patients (57.9%) the vertebral level involved was lumbar, in 70 (31.9%) thoracic, and in 16 (7.3%) cervical. One hundred and nineteen patients (54.4%) received only medical treatment and 100 (45.6%) required both medical and surgical treatment. The presence of diabetes mellitus, intravenous drug abuse, underlying chronic debilitating diseases or immunosuppression, previous infections, preceeding bacteraemia, recent vertebral surgery, leucocytosis, neutrophilia, and increased erythrocyte sedimentation rate (ESR) were significantly associated to PVO. A prolonged clinical course, thoracic segment involvement, absence of fever, presence of spinal deformity, neurological deficit, and paravertebral or epidural masses, were significantly more frequent in the group of TVO. The need for surgical treatment and the presence of severe functional sequelae were more frequent in the groups of PVO and TVO. Conclusion-There are significant clinical, biological, radiological, and prognostic diVerences between BVO, PVO, and TVO. These diVerences can point to the causal agent and orient the initial empirical medical treatment while awaiting a final microbiological diagnosis. (Ann Rheum Dis 1997;56:709-715) In 1975 Ross and Fleming rightly pointed out "neither common enough to be readily recognizable, nor rare enough to be a medical curiosity, vertebral osteomyelitis (VO) represents a diagnostic challenge to the physician".
In 1975 Ross and Fleming rightly pointed out "neither common enough to be readily recognizable, nor rare enough to be a medical curiosity, vertebral osteomyelitis (VO) represents a diagnostic challenge to the physician". 1 The clinical picture of VO is rather nonspecific. It commonly starts insidiously and follows an indolent course making early diagnosis diYcult. [2] [3] [4] Consequently, patients often develop highly destructive lesions or neurological complications related to compression of the spinal cord or its roots. 5 Most of the published series of VO have limited their scope to the description of cases or to a detailed analysis of particular aetiological categories or risk factors.
1-4 6-9 10-13 In many parts of the world, and in Mediterranean countries particularly, both brucellosis and tuberculosis still have a high incidence. However, there is no study that compares the clinical, radiological, and prognostic features of pyogenic, brucellar, and tuberculous vertebral osteomyelitis.
Given the fact that an aetiological diagnosis is not always obtained even when invasive techniques are used, [2] [3] [4] and that the therapeutic strategy varies widely depending on the causal agent, the establishment of criteria that could help to distinguish between aetiological groups is of importance. [14] [15] [16] The aim of this study is to describe the clinical and evolutive features of a large series of cases of VO, with particular attention to the diVerential aspects of the three most frequent aetiological groups in Mediterranean countries.
Methods

STUDY POPULATION
All patients older than 14 years of age who had a diagnosis of VO between January 1983 and December 1995 in the University Regional Hospital "Carlos Haya" of Málaga and the University Hospital "Virgen del Rocio" of Seville, were included. Both hospitals are tertiary care centres, providing referral attention to two large metropolitan areas in the south of Spain with a population of 1 250 000 and 1 000 000 inhabitants respectively. Irrespective of the unit of the hospital where the patient was initially admitted, all the patients were seen and followed up by one of the authors.
INCLUSION CRITERIA AND DEFINITIONS
The diagnosis of VO was established in the presence of these two criteria: a compatible clinical picture together with one or more imaging techniques showing data compatible with spondylitis. A compatible clinical picture was defined as the presence of spinal pain with inflammatory features (pain unrelieved by rest), or fever and spinal pain on physical examination.
Imaging findings compatible with VO were considered to be one or more of those previously reported by Modic et al creased intensity signals from the vertebral bodies and intervertebral disc space, together with failure to distinguish an imaging between the disc and the adjacent vertebral body, on T1 weighted magnetic resonance image (MRI), and an increased signal intensity from the vertebral bodies and disk with T2 weighted magnetic resonance image.
Definite aetiological diagnosis of VO was considered when the causative microorganism was isolated from a percutaneous or open bone biopsy. Diagnosis was considered probable when a typical histopathological pattern of tuberculosis (with caseating granulomas) was observed in a bone biopsy, or when-together with a consistent clinical, radiological picture-a microorganism was isolated from blood cultures or other coexistent infectious foci, or when high serological titres of brucella antibodies or seroconversion between two samples taken two or three weeks apart were reported in patients with symptoms consistent with brucella infection. According to internationally accepted criteria, significant titres were considered to be > 1/160 for Wright's seroagglutination, > 1/100 for indirect immunofluorescence and > 1/320 for the anti-brucella Coombs test. 18 Fungal VO was included in the pyogenic group.
Therapeutic failure was defined as persistent or worsening symptoms together with a high C reactive protein level or erythrocyte sedimentation rate (ESR), or worsening imaging findings, or all three, after a month of specific treatment in the cases of brucellar vertebral osteomyelitis (BVO) and pyogenic vertebral osteomyelitis (PVO), and three months in tuberculous vertebral osteomyelitis (TVO). A relapse was defined as the reappearance of symptoms not attributable to other causes, or new vertebral lesions together with raised C reactive protein level or ESR, or both, after the end of the treatment. Functional sequelae were considered severe when disability prevented the patient from the performance of their occupation or daily activities.
DATA COLLECTION
Clinical, biological, radiological, microbiological, and therapeutic data of every patient were retrospectively collected from the medical records of the patients diagnosed between 1983 and 1989. From 1990 to 1995 the data were collected prospectively according to a specifically designed protocol. The recorded variables were age, sex, risk factors or associated illnesses, clinical presentations, diagnostic delay, ESR, total leucocyte and diVerential blood cell count, levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), -glutamyltransferase (GGT), alkaline phosphatase (AP), bilirubin, glucose, creatinine, protein electrophoresis, adenosinedeaminase (ADA), C reactive protein (CRP), and serological test for brucellosis. The radiological, microbiological, and histological features, together with the characteristics and duration of the treatment supplied and patient outcome were analysed.
TREATMENT AND FOLLOW UP
Patients with PVO received intravenous specific antibiotic treatment for the identified microorganism for at least four weeks, followed by oral treatment for four to 12 additional weeks. Patients with TVO received treatment with isoniazide, rifampin plus either pirazinamide or ethambutol, or both, at standard doses for two months, followed by isoniazide and rifampin for seven to 10 additional months. Finally, patients with BVO received streptomycin sulphate (1 g intramuscularly, daily) for 21 days plus doxycycline (100 mg by mouth, twice a day) for three months, or doxycycline (100 mg by mouth, twice a day) plus rifampin (900 mg by mouth, daily) both for three months.
Patients with large soft tissue masses, cord or radicular compression, highly destructive lesions producing bone-spinal instability or those who suVered a therapeutic failure, were also treated surgically. The surgical approach was generally through an anterolateral access. Once treatment was finished patients were followed up monthly for at least six months, with careful attention for the detection of relapses and assesment of functional status. One hundred and forty eight patients (67.6%) were male and 71 (32.4%) female. The percentage of male patients was 72.4% in BVO and 70.8% in PVO, versus 50% in TVO (p<0.05). The age of the patients ranged from 14 to 84 years, with a mean (SD) of 50.4 (16.4) years. Fifty six patients (25.6%) were 65 years of age or over. We did not find any diVerences between the mean ages of patients with BVO, PVO or TVO. One hundred and thirty four patients (61%) were from rural areas. This figure increased to 77% in patients with BVO versus 51% and 41.7% in TVO and PVO respectively (p<0.00005). Table 2 shows the predisposing factors and associated diseases. The presence of diabetes mellitus, previous bacteraemia or localised infection, parenteral drugs abuse, chronic debilitating or immunosuppressive disease, and previous vertebral surgical procedures were significantly more frequent in patients with PVO.
The medical history proved to be of great value in suggesting the aetiological diagnosis. In 197 patients (89.9%) evidence of disc involvement was present in one or more imaging techniques. The mean (SD) number of involved vertebrae was 2.1 (0.8), significantly higher in TVO (2.6 (1.2)) than in BVO (2.1 (0.8)) or PVO (1.9 (0.5)) (p<0.002). One hundred and eighty one patients (82.6%) had involvement not only of the end plates but also of one or more vertebral bodies. Of these patients, in 60 cases (33.3%) the lesion was anterior, in 16 (8.8%) it was exclusively posterior, and in 105 (58%) the lesion aVected both the anterior and posterior vertebral body. Paravertebral masses were detected in 109 cases (49.7%), epidural masses in 80 (36.5%), and psoas abscesses in 24 (10.9%). Paravertebral or epidural masses were present respectively in 78% and 68.3% of TVO, versus 39.8% and 23.5% of BVO, and 53.5% and 40.8% of PVO (p< 0.0005 and 0.00001 respectively).
BACTERIOLOGICAL DIAGNOSIS
Blood culture was performed in 152 patients (69.4%). Of these, 52 were positive (34.8%). Bone biopsy was performed in 133 patients (60.7%). In 42 (31.6%) the specimen was obtained by percutaneous CT guided biopsy and in 91 (68.4%) by open biopsy. Bone biopsy culture was performed in 114 patients (52%). Of these, 56 (49.1%) were positive. Table 6 shows the yield of the diVerent techniques.
TREATMENT AND OUTCOME In 173 patients (79%) the treatment was specific from the beginning and in 46 (21%) the initial empirical regimen was modified when a specific aetiology of VO was confirmed. The mean (SD) duration of treatment was 63 (29) days (range 14-147 days) in PVO, 98 (48) days in BVO, and 295 (87) days in TVO. One hundred and nineteen patients (54.3%) received medical treatment only and 100 (45.7%) required additional surgery. The need for surgical treatment was indicated from the time of diagnosis in 72 cases, and in the remaining 28 it was a decided upon after the failure of medical treatment. In all the operated patients, curetage and debridement of the lesion was performed, in 82.6% of cases abscesses were drained or soft tissue masses were resected, in 47% of cases bone grafts were used, and only in 2.9% an external fixation had to be used. Patients with TVO needed surgery more frequently than those with other aetiologies (p<0.00001). Seven patients died (3.2%); in four of them (1.8%)-two with BVO and two with PVOdeath was attributable to the vertebral infection. The remaining three patients, all with TVO, died of other causes (table 7) .
The mean (SD) overall hospital stay was 57 (44) days: 80 (32) days for TVO, versus 41 (38) and 61 (49) in BVO and PVO respectively (p<0.00001).
The prognosis of the postoperative cases did not diVer significantly from that of nonpostoperative cases, although the mean (SD) overall hospital stay of the postoperative cases was 74.7 (48.2) days, significantly longer than the 51.1 (28.7) days of the non-postoperative cases, p<0.05.
Five patients were lost to follow up. Of the 207 patients who completed the follow up period, 10 (4.8 %) had relapses. Of these 10 patients, seven (5.9%) had received medical treatment only and the other three (3%) had also been operated on. Sequelae were minimal or non-existant in 139 (65.2%) and severe in 67 (32.3%), the latter being significantly more frequent in the PVO and TVO groups than in BVO (p<0.0001).
Discussion
Vertebral osteomyelitis is an infrequent infection. 3 7 The information regarding its incidence is scarce. 6 7 9 However, evidence suggests that the incidence of VO is increasing because of growing number of older patients, patients with chronic debilitating diseases and immunosuppression, and the frequent use of invasive techniques and spinal surgery. 6 10 12 19-21 Most of the series of VO include mainly PVO cases 1 3 6 7 9 10 19 20 are usually short, and with a high percentage of cases without a microbiological diagnosis. 1 6 8 9 10 In our setting we found an annual incidence of seven cases per million of inhabitants, which is higher than that reported by other authors. This high incidence rate could be explained by the particular epidemiology of our geographical setting. The two hospitals where patients were recruited are located in the south of Spain, an area where brucellosis is an endemic disease with an annual incidence in the past few years of between 13-25/10 5 inhabitants. 21 In Mediterranean countries and in many other world areas, brucellosis continues to be an endemic infection. [23] [24] [25] In adults, brucellosis produces VO in 6% to 12% of cases. 18 26 27 In most of these countries the incidence of tuberculosis is also high, and it has even increased in the past few years because of the HIV epidemy. 28 29 Spinal involvement is one of the most frequent locations of extrapulmonary tuberculosis. 30 31 As in many other previous studies, Staphylococcus aureus was the most frequent isolated microorganism in PVO, followed by aerobic Gram negative bacilli. 1 3 4 14 15 However, it is worth mentioning the considerable proportion of cases caused by polymicrobial flora, anaerobic bacteria, and Candida albicans. This fact, which has been scarcely reported in the medical literature, has a direct relation to the high number of patients with chronic debilitating diseases or immunosuppression in our series. In fact, all the patients in our series who had PVO caused by polymicrobial flora or Candida albicans, suVered chronic debilitating diseases, were immunosuppressed or had had previous spinal surgery done. In those patients with previous spinal surgery S epidermidis was isolated significantly more frequently than S aureus (data not shown).
In some studies, cases of BVO have been included in the group of PVO. 3 14 However, previous evidence suggests that the clinical course and prognosis of BVO are quite diVerent to those of PVO and TVO. 16 32 33 The mean age in our series was similar to that reported by other authors, with a high percentage of cases occurring in patients older than 65 years. 3 4 6 14 15 We could not find diVerences of age between the diVerent aetiological groups.
The association of diabetes mellitus, intravenous drugs abuse, focal infections or bacteraemia and surgery with PVO has been reported in many studies. 3 4 12-15 34 This study confirms those associations and highlights their discriminative value to distinguish PVO from the other two aetiological groups. Thoracic involvement was significantly more frequent in TVO, which may be explained by the frequent involvement of mediastinal lymph nodes and the pleura in pulmonary tuberculosis, from where microorganism can reach the vertebral bone through the lymphatic route. 35 The clinical picture of VO is rather nonspecific. Spinal pain and paravertebral muscle spasm are, by far, the most common clinical findings. 3 6 9 13 14 16 19 Notably, fever is often absent, even in the group of PVO, which frequently makes clinicians rule out the possibility of infection. In this study 30% of patients had no fever. The absence of fever was significantly more frequent in the group of TVO. Conversely, spinal deformity was significantly more frequent in this group. This fact is in close relation to the considerable destructive character of caseating granuloma, and it is an important diagnostic clue when present. 15 35 36 The mean diagnostic delay was 14 weeks, similar to the largest reported series. 5 14 The diagnostic delay was significantly shorter in PVO, which may possibly reflect the higher clinical expression of this group of patients, which permits an earlier diagnosis. 3 14 15 Neurological deficits were detected in 34.2% of patients, which is similar to the reported 10% to 50% rates. They were significantly more frequent in TVO. The larger diagnostic delay and the frequent existence of spinal deformity, partially explain this fact. 14 16 36 37 The usual haematological and biochemical parameters are of little value in the diagnosis of VO. 1 3 4 6-9 13-15 Our study confirms this fact. However, when leucocytosis, neutrophilia, and very high values of ESR and C reactive protein are present, they strongly suggest PVO. 15 Computed tomography and MRI have significantly improved the sensitivity and specificity of simple radiography in the diagnosis of VO. 13 38-42 It was not the purpose of our study to analyse the yield of the diVerent imaging techniques in VO. However, we found that some findings may be helpful in distinguishing the three main aetiological groups. In this respect, thoracic level involvement, lesions aVecting the posterior portion of the vertebral body, and the existence of paravertebral or epidural soft tissue masses should point to infection by Mycobacterium tuberculosis. 38-40 43 Aetiological diagnosis of vertebral osteomyelitis is frequently diYcult, requiring in 30 to 70% of cases the performance of percutaneous or surgical vertebral bone biopsies. The percentage of cases with an aetiological diagnosis in our series (93.2%) is higher to that reported by most of the previous studies. This could be explained by the higher incidence of VO in our setting, which results in a high suspicion index.
As reported by previous studies 3 6 13 14 19 blood culture was the most useful routine test, resulting in the isolation of the responsible microorganism in 33% of patients from whom it was obtained: 41.4% in BVO and 41.8% in PVO. The yield of routine bacteriological and serological tests was very high in BVO; in only five cases (4%) bone biopsy was necessary for the diagnosis, which is similar to other brucella spondylitis case series. 18 26 27 In contrast, bone biopsy was necessary to establish the diagnosis in 50% of PVO and almost 75% of TVO. 4 13 14 19 The prognosis of VO depends strongly on an early diagnosis, the identification of the causal agent, and the initiation of a specific treatment. 3 4 7-15 20 The results of this study are in contrast with those that consider VO an infection with a good prognosis, which usually requires only medical treatment. 6 7 9 44 We think, as other authors do, that spondylitis is a potentially dangerous infection. 3 5 19 45 The attributable mortality and the percentage of relapses in our study are similar to those reported by previous series.
3 18 46 However, the need for surgical treatment in 45% of cases, and the presence of severe functional sequelae in up to 35% of cases, are higher than previously reported rates, which range between 10% to 25%, 8 10 14 19 and 5% to 15% respectively. 1 3 6 10 These figures are even more surprising if we consider that 48% of cases of our series were BVO, which, as can be concluded from our study, has a better prognosis than that of the other two groups.
The frequent need for surgery and high rate of functional sequelae found in our study cannot be attributed to a longer diagnostic delay or to the therapeutic regimens used, nor to the hospitals where patients were diagnosed and treated. The diagnostic delay in this study is similar to that reported by other authors, and even shorter than that reported by some series with better final prognosis. 4 14 15 On the other hand, the therapeutic schemes, indications for surgery and surgical techniques were those that are internationally accepted.
